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Background 
 
Over the last few years of the 20th century, major changes occurred for the classification of 
cause-of-death information in Australia.  In 1997 Automated Coding Software (ACS) was 
introduced to Australia for cause-of-death coding, and in 1999 Australia began using ICD-10 
for coding causes-of-death (for more detail please refer to Causes of Death 1997 and Causes 
of Death 1999 (Australian Bureau of Statistics, catalogue number 3303.0).  These two major 
changes in coding practices had significant implications for the consistency of mortality trend 
data in Australia.  Two factors appear to have considerable impact on mortality trends 
resulting from changes to coding practice.  These are changes to interpretations of rules 
relating to coding and underlying cause selection and changes to the disease codes between 
ICD versions. This paper reports some of the changes to mortality trends resulting from these 
changes to coding practice, and highlights the diseases most affected in the Australian data. 
 
Changes to Rule Interpretation 
The most obvious factor affecting mortality trends is a difference in the interpretation of ICD 
cause-of-death coding rules when comparing the output from manual and automated ICD-9 
coding (Greig, 1999). Prior to ACS, manual coders used an 'Australian' interpretation of the 
ICD rules, which tended to be more restrictive than the interpretation used in the American 
ACS. This difference relates specifically to the application of the so-called 'Rule 3' and 
interpretation of the causal sequence of events leading to death (Greig, 1999). With the 
introduction of ICD-9 ACS and the different interpretation of ICD rules, major changes 
occurred to mortality rates in Australia for some diseases. Two of the diseases most affected 
in the change from manual ICD-9 coding to automated ICD-9 coding were pneumonia and 
senile dementia (Greig, 1999).   
 
For example, under the manual system coders were narrow in their interpretation of Rule 3 in 
its application to pneumonia.  They interpreted Rule 3 to mean that whenever pneumonia 
appears on the death certificate as the result of another primary condition, the other primary 
condition was coded as the underlying cause of death.  Under ICD-9 ACS, the rule was 
interpreted more broadly to mean that whenever pneumonia appeared on the death certificate 
in a causal sequence, it would be more likely to be chosen as the underlying cause of death.  
Thus, there was a large increase in the number of deaths coded as due to pneumonia with the 
introduction of ICD-9 ACS, and a corresponding fall in diseases that commonly appeared on 
the death certificate with pneumonia, such as senile dementia (Australian Bureau of Statistics, 
1999).   
 
With the introduction of automated ICD-10 in Australia in 1999, many of the changes to 
mortality statistics that occurred between manual and automated ICD-9 coding are likely to 
have been addressed.  Automated ICD-10 interprets coding rules in a similar manner to the 
interpretation that was used for ICD-9 manual coding (Australian Bureau of Statistics, 2000).  
 
Changes to Disease Codes between ICD Versions 
However, some major changes to disease codes were evident with the introduction of ICD-10.  
Some of the major changes that were evident between ICD-9 and ICD-10 that were likely to 
impact on mortality coding are as follows (National Centre for Classification in Health 
(NCCH), 1999):  
• a change to an alphanumeric system from a numeric system 
• changes to the chapters to which certain diseases were coded  
• changes to the names of some of the chapters (to be either inclusive of diseases from other 
chapters, or to be exclusive of diseases previously coded to the corresponding chapter) 
• large expansion in the number of codes; increased precision in the definition of diseases 
 
The ABS (2000) reported the causes of death most affected by the change to ICD-10 are 
asthma, hypertension, influenza and pneumonia.   
 
This study aims to examine to what extent the change from manual coding to the use of the 
Automated Coding Software (ACS) and subsequent ICD revision changes (ICD-9 to ICD-10) 
affected Australian mortality data. Major diseases affected by the change from manual to 
automated coding will be examined, and the changes to these diseases in the subsequent ICD 
revision change will be explored. 
 
METHODOLOGY 
The Australian Bureau of Statistics (ABS) dual-coded the underlying causes of death, using  
manually coded ICD-9, ICD-9 automated (ACS) codes, and ICD-10 automated (ACS) codes, 
in a sample of 3 months of data from 1997.  This gave a total sample of approximately 34,000 
deaths (representing a quarter of all deaths for that year) (Greig, 1999).  Comparability factors 
were produced by the ABS for diseases at the three-character level for each code utilised in 
the data set.  Comparability factors of one or close to one indicated little change in the 
number of deaths coded to a particular cause between systems.  Comparability factors of less 
than one indicated that there were fewer deaths coded while comparability factors of greater 
than one indicated that there were more deaths coded to a certain disease under the latter 
system than there were under the former system. 
 
The diseases that were found to have the lowest (less than one) comparability factor and the 
disease that was found to have the highest (greater than one) comparability factor were 
examined in more detail, by looking at the codes at the four-character level.  For example, the 
disease with the lowest comparability factor was examined to ascertain which codes were 
assigned by automated ICD-9 and how these compared with the manually assigned 
code/disease of interest.  The disease with the highest comparability factor was examined and 
analysed in terms of which codes were assigned by manual ICD-9 coders compared to the 
automated ICD-9 code/disease of interest.  These diseases were also examined in the change 
from ICD-9 manual (referred to as 'manual' for results section) to ICD-10 automated (referred 
to as 'ICD-10' for results section) to compare the impact of this change to that seen in the 
manual to automated ICD-9 change. 
 
RESULTS 
Chapter Level Changes Between ICD-9 Manual, ICD-9 Auto, and ICD-10 Auto 
Table 1 shows a chapter level comparison of manual coded data, ICD-9 auto-coded data, and 
ICD-10 data.  The percentage of causes of death coded the same between versions is reported 
(Note: ICD-10 has some chapter title variations to ICD-9 that are noted below the table). 
 
Table One: Chapter level comparison of ICD-9 manual coded data, ICD-9 auto coded 
data, and ICD-10 auto coded data: Percentage coded the same between versions 
 
ICD-9 Chapter ICD-9 Man to 
ICD-9 Auto 
ICD-9 Man to 
ICD-10 Auto 
Infectious and Parasitic Diseases 94% 88% 
Neoplasms 99% 99% 
Endocrine, Nutritional, Metabolic, and Immunity Disorders1 90% 89% 
Diseases of Blood and Blood Forming Organs2 82% 69% 
Mental Disorders3 75% 67% 
Diseases of Nervous System and Sense Organs4 86% 91% 
Diseases of Circulatory System 95% 96% 
Diseases of Respiratory System 95% 86% 
Diseases of Digestive System 93% 90% 
Diseases of Genitourinary System 83% 83% 
Complications of Pregnancy, Childbirth, and Puerperium 100% 80% 
Diseases of Skin and Subcutaneous Tissue 93% 75% 
Diseases of Musculoskeletal System and Connective Tissue 85% 83% 
Congenital Anomalies5 96% 86% 
Certain Conditions Originating in the Perinatal Period 89% 87% 
Symptoms, Signs and Ill-Defined Conditions6 73% 66% 
External Causes 98% 95% 
1 Endocrine, Nutritional, Metabolic, and Immunity Disorders became Endocrine, Nutritional and Metabolic 
Disorders 
2 Diseases of Blood and Blood Forming Organs became Diseases of Blood and Blood Forming Organs and 
Certain Immune Disorders  
3 Mental Disorders became Mental and Behavioural Disorders 
4 Diseases of Nervous System and Sense Organs became three separate chapters called Diseases of Nervous 
System, Diseases of the Eye and Adnexa, and Diseases of the Ear and Mastoid Processes 
5 Congenital Anomalies became Congenital Malformations, Deformations, and Chromosomal Abnormalities 
6 Symptoms, Signs and Ill-Defined Conditions became Symptoms, Signs and Abnormal Clinical and Laboratory 
Findings 
 
The chapters that appeared to be most affected by the changes in coding practices were the 
Diseases of the Blood and Blood Forming Organs, Mental Disorders, Diseases of Skin and 
Subcutaneous Tissue, and Symptoms, Signs and Ill-Defined Conditions chapters.  Firstly, the 
Diseases of the Blood and Blood Forming Organs showed large differences both between the 
manual and automated ICD-9 coding system and between manual coding and ICD-10.  82% 
were coded to the same chapter in the manual to automated ICD-9 change and 69% of cases 
were coded to the equivalent chapter between manual coding and ICD-10.  However, there 
was a change to the Diseases of the Blood and Blood Forming Organs chapter under ICD-10 
to also include certain immune disorders, so variations in this chapter between manual and 
ICD-10 are not surprising (World Health Organisation (WHO), 1994). 
 
The Mental Disorders chapter also showed large differences both between the manual and 
automated ICD-9 coding systems and between manual coding and ICD-10.  75% were coded 
to the same chapter in the manual to automated ICD-9 change and 67% of cases were coded 
the same between manual coding and ICD-10.  Again this is not surprising considering there 
was a change to the title of the Mental Disorders chapter under ICD-10 (to become the Mental 
and Behavioural Disorders chapter), and with this change came an expansion of codes in the 
chapter to more precisely define the target disorders (NCCH, 1999). 
 
A fairly high concordance existed in the Diseases of Skin and Subcutaneous Tissue chapter 
between manual to automated ICD-9 coding, while large differences appeared between 
manual coding and ICD-10 with 75% of cases classified the same between ICD-9 and ICD-
10.  46 extra categories were introduced to this chapter under ICD-10, representing a 177% 
increase from the number of categories under ICD-9, so variations to this chapter are to be 
expected (NCCH, 1999). 
 
Finally, the Symptoms, Signs and Ill-Defined Conditions chapter showed significant 
differences between manual and automated ICD-9 coding and between manual coding and 
ICD-10.  73% of cases were coded the same from the manual to automated ICD-9 change and 
66% of cases were coded the same between manual coding and ICD-10.  Major changes to 
the chapter under ICD-10 can explain the manual to ICD-10 variations (NCCH, 1999), with 
70 extra categories being introduced to the chapter under ICD-10, representing a 350% 
increase from the number of categories under ICD-9.  The Symptoms, Signs and Ill-Defined 
Conditions chapter title changed under ICD-10 revisions becoming the Symptoms, Signs and 
Abnormal Clinical and Laboratory Findings chapter. In ICD-10 some body-system specific 
disorders, previously coded to another chapter of the classification, have been moved into 
Chapter XXVII. 
 
Changes in Top Ten Underlying Causes of Death Between ICD-9 Manual, ICD-9 Auto, 
and ICD-10 Auto 
Tables 2 and 3 show the changes to the top ten underlying causes of death between ICD-9 
manual coding, ICD-9 automated coding, and ICD-10 automated coding (as identified from 
the dual coded data).  The counts and percentage of codes coded the same between ICD-9 
manual and the automated systems are reported. 
 
 
 
Table Two: Changes in Top Ten Underlying Causes of Death Between ICD-9 Manual 
and ICD-9 Auto 
 
Disease Manual 
Rank 
# Cases 
Man 
Auto 
ICD-9 
Rank 
# Cases 
Auto 
# Cases 
Coded 
Same 
% of 
Manual 
Cases 
Acute myocardial infarction 1 4736 1 4697 4575 96.6% 
Chronic ischaemic HD 
unspec. 
2 2269 2 2299 2079 91.6% 
Acute cerebrovascular disease 3 1856 3 1787 1706 91.9% 
MN bronchus and lung 4 1612 4 1604 1587 98.4% 
Chronic airways obstruction 5 1474 5 1356 1325 89.9% 
Senile dementia 6 726 58 100 94 12.9% 
MN colon 7 705 7 696 690 97.9% 
Coronary atherosclerosis 8 680 10 598 557 81.9% 
MN breast 9 674 8 665 661 98.1% 
Diabetes mellitus 10 653 11 580 549 84.1% 
Pneumonia 15 362 6 827 340 93.9% 
MN prostate 11 607 9 602 589 97.0% 
 
 
 
Table Three: Changes in Top Ten Underlying Causes of Death Between ICD-9 Manual 
and ICD-10 Auto 
 
Disease Manual 
Rank 
# Cases 
ICD-9 
Auto 
ICD-10 
Rank 
# Cases 
ICD-10 
# Cases 
Coded 
Same 
% of 
Manual 
Cases 
Acute myocardial infarction 1 4736 1 4529 4381 92.5% 
Chronic ischaemic HD 
unspec. 
2 2269 2 2119 1874 82.6% 
Acute cerebrovascular disease 3 1856 4 1556 1448 78.0% 
MN bronchus and lung 4 1612 3 1573 1536 95.3% 
Chronic airways obstruction 5 1474 5 1311 1241 84.2% 
Senile dementia 6 726 12 510 474 65.3% 
MN colon 7 705 7 686 672 95.3% 
Coronary atherosclerosis 8 680 6 975 559 82.2% 
MN breast 9 674 8 666 650 96.4% 
Diabetes mellitus 10 653 14 836 603 92.3% 
MN prostate 11 607 9 601 581 95.7% 
Late effects cerebrovasc 
disease 
23 266 10 551 185 69.5% 
 
As can be seen in Table 2, two of the major discrepancies between manual and automated 
ICD-9 coding were codes 2900 (senile dementia) and code 4869 (pneumonia), with senile 
dementia moving from the 6th leading cause of death using manual coding to being ranked 
58th in the order of causes of death, and pneumonia moving from the 15th leading cause of 
death under manual coding to the 6th leading cause of death under automated coding.   
 
Table 3 shows the figures for the move from manual coding to ICD-10 automated coding.  
Again, the rank order for senile dementia (code 2900 in ICD-9 and code F03 in ICD-10) 
changed under the two coding systems, moving from being the 6th leading cause of death 
under manual coding, to being the 12th leading cause of death under ICD-10 automated 
coding (though evidently not as large a discrepancy as the move to ICD-9 automated!).  Other 
diseases that changed with the move from manual coding to ICD-10 automated coding were 
codes 2500 (diabetes mellitus) and code 4389 (late effects of cerebrovascular disease).  
Diabetes mellitus moved from being the 10th leading cause of death under manual coding to 
being the 14th leading cause of death under ICD-10 automated coding, while 'late effects of 
cerebrovascular disease' moved from being ranked 23rd in the order of causes of death to 
being the 10th leading cause of death under ICD-10 automated coding. 
 
Manual ICD-9 to Automated ICD-9 Change 
The codes most affected by the change from the manual to automated system under ICD-9 are 
shown in Figure 1. There is a large discrepancy between manual and automated coding 
systems for some diseases. For example, 83.8% of the senile/presenile organic psychotic 
cases (manual code: 290) were coded differently by the automated coding system, compared 
with the manually assigned code. A similar shift occurred in the automated to manual codes. 
For example, 76.9% of pneumonia cases (automated code: 485) were assigned different codes 
manually by the coders. 
 
 Figure 1: Percentage of Codes Different Between Manual and Automated Coding 
Systems 
 
The two major problematic disease codes at the four character level were senile dementia 
(ICD-9 code 2900) and bronchopneumonia (ICD-9 code 4859). For example, of the total 726 
senile dementia cases originally manually coded, only 94 (12.9%) were coded the same by the 
ACS, 270 (37.2%) were automatically coded as unspecified psychoses, 92 (12.7%) as 
pneumonia, and 67 (9.2%) as bronchopneumonia not otherwise specified.  Similarly, of the 
534 bronchopneumonia cases coded by the ACS, only 212 (39.7%) were coded the same 
manually, 67 (12.5%) were manually coded as senile dementia, and 22 (4.1%) as ischaemic 
heart disease.  
 
Manual ICD-9 to Automated ICD-10 
The two diseases largely affected by the change from ICD-9 manual to ICD-9 automated 
coding (senile dementia ICD-9 code 2900, and bronchopneumonia ICD-9 code 4859) were 
examined to assess the impact of the change from ICD-9 manual coding to ICD-10 automated 
coding.   
 
Table 4 shows the percentage of cases coded to equivalent codes in ICD-9 manual coding and 
ICD-10 automated coding for both senile dementia and bronchopneumonia. Any other 
diseases for which major changes occurred between versions are also highlighted. 
 
 
Table 4: Percentages of Cases Coded the Same for Senile Dementia and 
Bronchopneumonia Between Manual Coding and ICD-10 
 
Disease % Same 
ICD-9 to 101 
% Same 
ICD-10 to 92 
Senile Dementia  65.3% 92.9% 
Alzheimers Disease  15.8% NA 
Bronchopneumonia  81.4% 79.9% 
Other Dis. of Respiratory  NA 6.4% 
 
 
(Note: Diseases in italics are other major diseases that disease of interest may have been classified to) 
 
1This column shows the percentage of ICD-9 cases coded to the same disease under ICD-10 (i.e ICD-9 code 2900=ICD-10 code F03, ICD-9 
code 4859=ICD-10 code J180) 
2 This column shows the percentage of ICD-10 cases that were coded to the same disease under ICD-9 (i.e ICD-10 code F03=ICD-9 code 
2900, ICD-10 code J180=ICD-9 code 4859) 
 
This table shows that 65.3% of senile dementia cases were coded the same between manual 
ICD-9 and automated ICD-10 (compared to 16.2% that were classified the same between 
ICD-9 manual and ICD-9 automated coding).  Of the ICD-10 cases coded as senile dementia, 
92.9% had been coded as senile dementia under manual ICD-9. 
 
81.4% of bronchopneumonia cases were coded the same between manual ICD-9 and 
automated ICD-10.  Of the ICD-10 cases coded as bronchopneumonia, 79.9% had been coded 
as bronchopneumonia under manual ICD-9 (compared to only 23.1% of automated ICD-9 
cases coded as bronchopneumonia being classified as bronchopneumonia by manual ICD-9 
coders). 
 
Figure 2 shows an example of what pneumonia rates for males and females may have looked 
like if automated coding was not introduced.  Automated ICD-9 rates were obtained from the 
Australian Institute of Health and Welfare database.  From these, manual rates and ICD-10 
rates were estimated using Australian Bureau of Statistics comparability factors to adjust 
automated ICD-9 data and manual rates respectively (This was necessary as rates using 
manual coding are not available for 1997 and 1998 and rates using ICD-10 are not available 
for 1995 and 1996).  From this analysis, it can be seen that a large discrepancy in the data is 
evident at the point automated coding using ICD-9 was introduced, while automated coding 
using ICD-10 is comparable to the rates expected if manual coding had continued.   
 
 
Figure 2: Pneumonia Mortality Rates Using Manual System, Automated ICD-9, and 
Automated ICD-10 
 
DISCUSSION 
This research has examined the changes resulting from different coding systems at the 
Australian Bureau of Statistics over the last few years of the 20th century.  It was found that 
the mortality rates for several diseases were significantly affected by the initial introduction 
of ACS, with bronchopneumonia and senile dementia the two most affected diseases.  With 
the introduction of automated ICD-9, mortality rates for pneumonia more than doubled and 
mortality rates for senile dementia more than halved.  With the subsequent introduction of 
ICD-10 for mortality coding, many of these changes have been reversed. 
 
While it was evident that larger discrepancies between versions existed for the manual to 
ICD-10 change at the chapter level, these changes can be explained by changes to the chapter 
structure under ICD-10.  In all cases, major discrepancies to the chapters were associated with 
significant additions of codes to the chapter, and/or significant revisions of the codes existing 
in the chapter.  However, no such explanation can be offered for the changes evident from 
manual coding to automated ICD-9.  As the same revision of the ICD was used under both 
coding systems, any variation that was witnessed at the chapter level stems from differences 
in the assignment of codes for underlying cause of death (i.e. rule interpretation) between the 
manual and automated coding systems.  
 
This was also apparent when examining changes to the ranked leading causes of death 
between coding systems.  The most serious discrepancies were evident between manual 
coding and automated ICD-9 coding, particularly for senile dementia which moved from 
being ranked 6th in the leading causes of death under the manual coding system, to being 
ranked 58th in the leading causes of death under the automated ICD-9 coding system.  
Minimal changes were evident in the move from manual coding to automated ICD-10 coding. 
 
When examining the two most affected diseases in the change from manual coding to 
automated ICD-9 coding, it was evident that the manual to automated ICD-10 coding changes 
were minor in comparison.  While only 16% of senile dementia cases were coded the same 
between manual coding and automated ICD-9, over 65% of cases were coded the same 
between manual coding and automated ICD-10.  Similarly, while only 23% of 
bronchopneumonia cases were coded the same between manual coding and automated ICD-9, 
nearly 80% of cases were coded the same between manual coding and automated ICD-10. 
 
These discrepancies in mortality trend data arising due to changes in coding practice and ICD 
versions can be largely explained by the following factors: changes to rule interpretation 
between manual and automated ICD-9 coding, and changes to disease codes between ICD-9 
and ICD-10.  With a 'narrower' rule interpretation being applied under the manual coding 
system than the automated ICD-9 system, a large increase in deaths coded as due to 
pneumonia and a large decrease in deaths coded as due to senile dementia resulted.  However, 
as a similar rule interpretation is used in manual coding and automated ICD-10, when 
examining the move from manual coding to automated ICD-10, senile dementia and 
pneumonia rates show a more consistent trend (Australian Bureau of Statistics, 2000).  
Furthermore, some significant expansions to codes and changes to chapter structure were 
evident in the move from ICD-9 to ICD-10.  These variations largely explain the 
discrepancies witnessed in mortality trend data in the move from manual ICD-9 to automated 
ICD-10. 
 
From this study, it can be seen that there have been some important changes to mortality 
trends with the introduction of automated coding software. This study has important 
implications for coding practices and public health research.  It is vital that mortality 
researchers understand the impact of classification changes on mortality data when they are 
seeking to explain and account for variations in mortality trends over time.  Researchers need 
to be aware of what mortality changes represent true changes to the pattern of diseases and 
what mortality changes are merely artefacts of classification changes.  
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